The polo-like kinase, Plk1, which is expressed and active in mitosis, is involved in regulation of mitotic entry, spindle pole assembly, mitotic exit, and cytokinesis [Donaldson MM, Tavares AA, Hagan IM, Nigg EA, Glover DM (2001) J Cell Sci 114:2357-2358]. In mammals, there are two other members of the polo-like kinase family that are less well understood, Plk2 and Plk3. Plk3 first was identified and cloned as an immediate early gene. Here, we report Plk3 localizes to the nucleolus and is involved in regulation of the G 1/S phase transition. We demonstrate that the level of Plk3 protein is cell cycle regulated, peaking in G 1. We have delivered Plk3-interfering RNA with lentivirus to serum-starved cells and found that, upon serum stimulation, Plk3 is required for cyclin E expression and entry into S phase. Plk3-interfering RNA-induced Plk3 depletion resulted in a large fraction of asynchronously proliferating cells to become quiescent. We propose the Plk3 requirement in the cell cycle is fulfilled in G 1, and that once cells pass this point, they are able to complete cell division, whereas in the absence of Plk3, they fail to reenter the cell cycle. Additional data suggest that Plk3 may regulate entry into S phase in part through interaction with the phosphatase Cdc25A, because its depletion also resulted in attenuation of cyclin E expression.
The polo-like kinase, Plk1, which is expressed and active in mitosis, is involved in regulation of mitotic entry, spindle pole assembly, mitotic exit, and cytokinesis [Donaldson MM, Tavares AA, Hagan IM, Nigg EA, Glover DM (2001) J Cell Sci 114:2357-2358]. In mammals, there are two other members of the polo-like kinase family that are less well understood, Plk2 and Plk3. Plk3 first was identified and cloned as an immediate early gene. Here, we report Plk3 localizes to the nucleolus and is involved in regulation of the G 1/S phase transition. We demonstrate that the level of Plk3 protein is cell cycle regulated, peaking in G 1. We have delivered Plk3-interfering RNA with lentivirus to serum-starved cells and found that, upon serum stimulation, Plk3 is required for cyclin E expression and entry into S phase. Plk3-interfering RNA-induced Plk3 depletion resulted in a large fraction of asynchronously proliferating cells to become quiescent. We propose the Plk3 requirement in the cell cycle is fulfilled in G 1, and that once cells pass this point, they are able to complete cell division, whereas in the absence of Plk3, they fail to reenter the cell cycle. Additional data suggest that Plk3 may regulate entry into S phase in part through interaction with the phosphatase Cdc25A, because its depletion also resulted in attenuation of cyclin E expression.
Cdc25A ͉ cyclin E ͉ nucleolus I n yeast and Drosophila, polo kinases are master mitotic regulators, involved in the regulation of mitotic entry, the metaphase-to-anaphase transition, and mitotic exit (1, 2) . Whereas only one polo kinase is found in yeast and Drosophila, three polo-like kinases have been identified in mammals: Plk1, Plk2 (Snk), and Plk3 (Prk and Fnk). Polo kinases are characterized by an N-terminal serine/threonine kinase domain and a conserved C-terminal substrate-binding domain, termed the Polo box domain (Fig. 1 ). All three mammalian polo-like kinases have predicted nuclear localization signals (NLSs), suggesting that all three may pass through the nucleus. However, to date, only one NLS (in Plk1) has been shown to be functionally active (3) . A fourth related mammalian kinase, Sak (Plk4) shows significant homology to Plk1, Plk2, and Plk3 in its kinase domain but lacks conservation of the typical bipartite polo box domain (4) . Plk1 is the best-studied enzyme of this family. Like yeast and Drosophila polo kinases, Plk1 regulates multiple aspects of mitotic entry and exit (5) . The functions of Plk2 and Plk3 are not well understood.
Polo kinases colocalize with their substrates through interactions with the polo box domain (6, 7). There are several conflicting reports of Plk3 localization in the literature. Plk3 has been reported to colocalize with the centrosome, spindle pole and spindle microtubules (8) , with Golgi apparatus (9) , and with actin-containing plaques (10) . In contrast to previous reports, we demonstrate here that Plk3 localizes in the nucleolus, based on both immunofluorescence and subcellular fractionation.
We show that the level of Plk3 protein is cell cycle regulated; unlike Plk1, the level of Plk3 peaks in G 1 , concurrent with the reported peak in the level of Plk3 message (11) (12) (13) . We further demonstrate that Plk3 is required for expression of cyclin E and for cells to pass from G 1 to S phase.
Results

Plk3
Localizes to the Nucleolus. Because Plks colocalize with their substrates, we reasoned that a clear understanding of Plk3 localization throughout the cell cycle should shed light on its functions. We initially examined its localization by using the antibody and conditions reported in refs. 8 and 9. However, in contrast to their results, we were unable to detect any specific immunofluorescent localization (data not shown). We next screened other commercially available antibodies for effective immunofluorescent staining. One affinity-purified rabbit polyclonal antibody, Fnk140 (Santa Cruz Biotechnology, Santa Cruz, CA), appeared effective. Unexpectedly, in U2OS cells, the staining of endogenous Plk3 appeared as discrete nuclear inclusions, morphologically similar to nucleoli (Fig. 1b) . Identification of these nuclear compartments as nucleoli was confirmed by colocalization of Plk3 with nucleophosmin and nucleolin, proteins that are known to localize to the nucleolus (Fig. 1c) . Similar colocalization was observed in HeLa, MCF10A, h-tert-RPE, T98G, and 293T cells (data not shown). Plk3 localization was detectable only within the nucleolus; we were unable to detect endogenous Plk3 at the centrosome, spindle pole, or any other cytoplasmic location (Fig. 1c) .
Human Plk3 is predicted to migrate as a 72-kDa protein.
To confirm that the observed immunolocalization represented endogenous Plk3 and not a cross-reactive protein, asynchronous HeLa cells were fractionated according to the method of Andersen et al. (14) . The Fnk140 antibody recognized a band of approximately the expected size that was significantly enriched in nucleolar fractions but undetectable in cytoplasmic and soluble nuclear fractions (Fig. 1d) . This Ϸ72-kDa band was specifically depleted by three different lentiviruses expressing Plk3-RNAi targeting different sequences in Plk3 mRNA, as discussed below (Figs. 3 and 4) . These same RNAi vectors also significantly reduced the immunofluorescence signal at the nucleolus (see below). Moreover, we expressed full-length streptagged mouse Plk3 and evaluated immunolocalization by using anti-strep-tag antibodies. At 20-24 h after transfection, ectopically expressed Plk3 formed nuclear inclusions in both HeLa and MCF10A cells ( Fig. 1 f and g ). Taken together, these data show that Plk3 is a nucleolar protein.
The Level of Plk3 Protein Is Cell Cycle Regulated. Plk3 was initially cloned as an immediate early gene (11, 12) . To shed further light on Plk3 function, we chose to investigate the protein level of Plk3 throughout the cell cycle. As is the case for other predominantly nucleolar proteins, endogenous Plk3 is resistant to detergent extraction and is not readily solubilized by standard isolation protocols for protein kinases. But it can be effectively solubilized from either isolated nucleoli (data not shown) or detergentextracted cell pellets (Fig. 1e ) with a buffer containing high salt, magnesium, and glycerol (15) . Therefore, to follow the level of Plk3, we analyzed total protein by boiling the entire sample, not just the soluble fraction, in SDS sample buffer.
We analyzed the protein level of Plk3 throughout the cell cycle in MCF10A cells synchronized by serum starvation (Fig. 2 a and  b) and in HeLa cells synchronized in early S phase by double thymidine block (Fig. 2 c and d) . Plk3 expression was monitored by Western blot analysis; cell cycle progression was monitored by fluorescence-activated cell sorting (FACS). In MCF10A cells, Plk3 was detected in serum-deprived cells but increased and peaked in G 1 , Ϸ8 h after serum stimulation, before the level of cyclin E1 reached its peak. Mitosis occurred at 24-28 h, based on the proportion of cells with 4N DNA content, concurrent with peak expression of Plk1. This pattern of Plk3 protein expression is consistent with the expression pattern of Plk3 mRNA in serum-starved cells (11) (12) (13) .
In HeLa cells synchronized by double thymidine block, the cells arrest in early S phase, with slightly more than 2N DNA content (Fig. 2c, 0 h ). Mitosis occurred at 8-10 h after release, concurrent with peak expression of cyclin B1, and Plk3 peaked in G 1 at 14-16 h, concurrent with peak cyclin D1 expression, just before the onset of the next S phase (Fig. 2 c and d) . Taken together, these results demonstrate that Plk3 expression is cell cycle regulated and Plk3 is expressed primarily in G 1 . This suggests a possible role for Plk3 in regulating G 1 events.
Plk3 Is Required for Progression from G1 to S Phase. To investigate the function of Plk3 in vivo, we designed lentivirus vectors expressing RNAi, specifically targeting Plk3. The lentivirus system has several advantages over siRNA treatments, including efficient infection of difficult-to-transfect cells, and the ability to select infected cells with puromycin, ensuring that all cells in a study are, in fact, expressing RNAi. MCF10A cells were infected, synchronized by serum starvation, and analyzed after addition of serum ( Fig. 3 a and b) . Cells that were efficiently depleted of Plk3 failed to enter S phase (Fig. 3 a and b ; Plk3-1601), whereas cells that were less efficiently depleted (Plk3-1924) showed only modest reduction is S phase progression, and cells infected with control virus entered S and G 2 /M phases normally.
We also evaluated the effect of Plk3 depletion on logarithmically growing MCF10A cells (Fig. 3 c-f ). Cells treated with lentivirus targeting Plk3 maintained a normal cellular morphology, even 5 days after infection, although the level of Plk3 was visibly reduced (Fig. 3c) . We used immunofluorescence microscopy to assess the percentage of cells expressing the proliferation marker Ki67, which is normally expressed in cells in G 1 , S, G 2 , and M phases but not in G 0 (16) (Fig. 3 d and e) . Cells treated with lentivirus-targeting Plk3 showed a significant increase in the percentage of cells not expressing Ki67 at 3 and 5 days (P Ͻ 10 Ϫ5 ), indicating that a significant percentage of Plk3-depleted cells had exited the cell cycle. By 5 days after infection, the percentage of depleted cells reaching mitosis was significantly reduced (Fig. 3f ) . Those cells that did reach mitosis appeared to pass through mitosis normally, no mitotic defects were observed in these cells. The results of Plk3 depletion in synchronized cells (Fig. 3 a and b ) and asynchronous cells (Fig. 3f ) suggest that Plk3 is required in G 1 ; after passage of that restriction point, cells complete the cell cycle normally but are unable to initiate a new cycle.
Plk3 Is Required for Cyclin E Expression. Because Plk3-depleted cells arrested in G 1 /G 0 , we examined MCF10A cells depleted of Plk3, synchronized by serum starvation, and analyzed by Western blot 8 h after serum addition for levels of known major regulators of entry into S phase. Cells with reduced Plk3 also had a significantly reduced level of cyclin E protein, although levels of cyclin D and Cdc25A appeared unaffected (Fig. 4 a and b) . This suggests that Plk3 functions upstream of cyclin E in S phase entry. RNAi sequences may produce off-target effects; therefore, it is important to demonstrate target specificity by demonstrating the same effect with multiple sequences targeting the same message of interest. The attenuation of cyclin E protein was observed for virus-targeting Plk3 at different sites (Fig. 4b) , suggesting that the effect was not due to off-target effects from a single RNAi site. As an additional control to rule out off-target effects from viral infection, we analyzed the effect of lentivirusbased RNAi of P53 on cyclin E and Plk3 levels 8 h after serum stimulation (Fig. 4c) . The level of P53 was significantly reduced, but Plk3 and cyclin E levels were unaffected, further indicating that the reduction in cyclin E protein is a specific effect caused by depletion of Plk3.
Because cyclin E accumulation in G 1 reflects increased transcription of cyclin E message in normal cells (17) , we sought to determine whether Plk3 regulates cyclin E1 transcription. We evaluated the relative cyclin E message level by RT-PCR in cells depleted of Plk3. In untreated MCF10A cells synchronized by serum starvation, Plk3, cyclin E1, and cyclin D1 message levels were all elevated 4 h after serum addition (Fig. 4d) . We therefore chose the 4-h time point for lentivirus studies. Depletion of Plk3 had no significant effect on induction of message for cyclin E1 (Fig. 4e) , suggesting that Plk3 must regulate the level of cyclin E1 by a posttranscriptional mechanism. Cyclin D1 message was also unaffected (Fig. 4e) . Depletion of cyclin D1 had no effect on the levels of Plk3 message (Fig. 4f ) or Plk3 protein (data not shown), suggesting that Plk3 expression is not regulated by cyclin D1.
Cdc25A has been reported to be a substrate of Plk3 in vitro (18) , and Cdc25A regulates the activity of the cyclin E/Cdk2 complex (17, 19, 20) . This suggested the possibility that Plk3 may influence cyclin E stability indirectly through interaction with or activation of Cdc25A. To investigate this question, we designed lentivirus-based RNAi to deplete Cdc25A. MCF10A cells were depleted of Cdc25A, synchronized by serum starvation, and analyzed at 8 h after serum addition (Fig. 5a ). Importantly, although the level of cyclin D was unaffected, Cdc25A was depleted and cyclin E expression was attenuated, indicating that Plk3 showed a significant increase in percentage of Ki67-negative cells relative to puro.1 treated control at 3 days (blue bars) and 5 days (red bars) after infection. Number of cells counted for each treatment on each day appears above bar. (Plk3-1842: day 3, P ϭ 3.8 ϫ 10 Ϫ38 ; day 5, P ϭ 8.1 ϫ 10 Ϫ32 ), (Plk3-1601: day 3, P ϭ 9.2 ϫ 10 Ϫ69 ; day 5, P ϭ 2.7 ϫ 10 Ϫ62 ). ( f) Plk3 virus-treated cells also showed a significant decrease in the percent of cells in mitosis on day 5 (Plk3-1842: day 3, P ϭ 0.08; day 5, P ϭ 7.4 ϫ 10 Ϫ6 ), (Plk3-1601: day 3, P ϭ 0.0016; day 5, P ϭ 4.8 ϫ 10 Ϫ9 ). The number of cells counted for each treatment appears above each bar. Blue bars, 3 days. Red bars, 5 days.
Cdc25A is required for cyclin E accumulation. Plk3 was expressed in cells depleted of Cdc25A, showing that the loss of cyclin E expression was not caused by loss of Plk3 (Fig. 5b) .
Discussion
We have demonstrated that Plk3 expression is cell cycle regulated. The level of Plk3 protein peaks in G 1 ; Plk3 expression becomes undetectable as cells enter mitosis. We have shown that Plk3 is required for progression from G 1 to S phase in cells synchronized by serum starvation. We have demonstrated that loss of Plk3 attenuated cyclin E expression and that Plk3 may influence cyclin E expression indirectly through regulation of Cdc25A. Plk3 is also required for continued cycling in asynchronous cells. We have demonstrated that Plk3 localizes to the nucleolus. The data presented here do not agree with previous reports indicating that Plk3 localized to the centrosome, spindle microtubules, Golgi apparatus, and actin-containing plaques (8) (9) (10) . We are unable to account for the differences, but as shown in Results, the antibody used here indeed recognizes Plk3 based on the loss of immunoflourescence and Western blot signals upon down-regulation and specific recognition of protein expressed after transfection with cloned Plk3 cDNA.
A recent study involving knockout mice suggests that cyclin E is required for reinitiation of the cell cycle after serum starvation but is dispensable for continued cycling under permissive conditions (21) . Herein we show that Plk3 attenuates cyclin E expression, and by doing so, may regulate the G 1 restriction point, start. We have also found that Plk3 is required for continued cycling under permissive conditions. This difference in phenotype between the cyclin E knockout and Plk3 depletion with RNAi indicates that Plk3 regulates targets in addition to cyclin E. Taken together, our data on cell cycle progression in Plk3-depleted cells indicates that Plk3 must be a critical regulator of G 1 events.
Cyclin D/cdk4/6 regulates G 1 /S primarily by phosphorylating and inhibiting transcriptional repressors (17) . Plk3 expression is not affected by cyclin D1 depletion; it appears Plk3 functions in a pathway parallel to be unregulated by cyclin D.
Cyclin E is an unstable protein with a half-life of Ͻ30 min (22, 23) . Moreover, its mode of degradation has been reported to P53 and Erk2 message levels were included for comparison. Plk3 and cyclin D1 message levels were high before serum addition, were higher at 4 h after release, and fell again by 8 h after serum addition. Cyclin E1 message was barely detectable before serum addition, peaked at 4 h, and was somewhat reduced by 8 h. P53 message showed no difference from 0 -4 h but was significantly reduced at 8 h after serum addition. The message level of the constitutively expressed Erk2 is included for comparison. (e) Four hours after induction with serum, MCF10A cells treated with lentivirus-targeting Plk3 showed a significant reduction in message for Plk3 but no significant effect on message levels of cyclin E1 or cyclin D1. Erk2 message level is included for reference. Messages were amplified from 2 ng of RNA. Lanes: 1, control virus; 2, Plk3-1934; 3, Plk3-1845; 4, Plk3-1601; 5, P53-virus. ( f) Plk3 message level was unaffected by virus-targeting cyclin D1, although cyclin D1 message levels were significantly reduced. depend on whether it is associated with Cdk2 (24) . Two distinct pathways of ubiquitin-dependent proteolysis have been described for cyclin E. Cyclin E unassociated with Cdk2 is polyubiquitinated and targeted for proteolysis through binding to cullin-3 (24) . Perhaps the events in these processes are regulated by Plk3 and/or Cdc25A. Cyclin E in a complex with Cdk2 is targeted for degradation by Fbw7 in a phosphorylationdependent manner (25, 26) . Thus, Plk3 and Cdc25A may impact the accumulation of cyclin E by modulating its capacity to associate with Cdk2 or with cullin-3 or Fbw7 ubiquitin ligases. Our observations also may reflect unexplored mechanisms of cyclin E regulation.
Localization of Plk3 to the nucleolus places it in position to participate in normal nucleolar activities. The nucleolus is well known as the site of ribosome biogenesis. Recently it has become apparent that the nucleolus also functions in the regulation of mitotic exit and the DNA-damage response, primarily through sequestration of regulators, such as P53, MDM2, CDC14b, pRB, pRB2, E2F4, p107, and p14ARF (27) (28) (29) (30) (31) (32) (33) (34) . Several major regulators of the G 1 /S transition, including cyclin D, cyclin E, and Cdc25A, are nuclear and may transit through the nucleolus (35) (36) (37) (38) . Cyclin E, in particular, has been reported to relocate from the nuclear matrix to the nucleolus at the onset of S phase (36) . Taken together with our findings on Plk3, these data suggest that the nucleolus may also play a hitherto unappreciated role in regulating the G 1 /S transition.
Materials and Methods
Cell Culture and Synchronization. HeLa, hTert-RPE, U2OS, and 293T cell lines were maintained in DMEM supplemented with 10% FCS supplemented with penicillin and streptomycin (Pen/ Strep). Cells were synchronized in early S phase by double thymidine block; asynchronous cells were treated for 16 h with 2 mM thymidine, released for 8 h into fresh medium, and then treated for an additional 16 h with 2 mM thymidine. Human mammary epithelial cells (MCF-10A) were maintained in DMEM/F12 (50/50) supplemented with 5% horse serum/20 ng/ml EGF/0.5 g/ml hydrocortisone/100 ng/ml cholera toxin/10 g/ml insulin/Pen/Strep as described in ref. 39 . These cells were synchronized by serum starvation for 72 h in DMEM/F12 with Pen/Strep, then stimulated by addition of 20% horse serum/20 ng/ml EGF/0.5 g/ml hydrocortisone/100 ng/ml cholera toxin/10 g/ml insulin.
Immunofluorescence. For immunofluorescence, cells were fixed with Ϫ20°C methanol and stained as described (42) . Data were collected on an Applied Precision Deconvolution Microscope as a Z series with 0.3 m between planes. Images were subjected to a single round of deconvolution by using Deltavision software. All images were rendered two-dimensional by simple projection.
Antibodies. Anti-Plk3 (Fnk140), anti-cyclin E, anti-cyclin D1, anti-Cdc25A, and anti-Erk2 antibodies were purchased from Santa Cruz Biotechnology. Anti-␥-tubulin GTU88 antibody was obtained from Sigma (St. Louis, MO). Anti-Plk1 and antinucleophosmin antibodies were purchased from Zymed (Carlsbad, CA). Anti-nucleolin antibody was obtained from Research Diagnostics (Flanders, NJ). Anti-Ki67 monoclonal antibody and anti-PRK monoclonal antibody were obtained from BD Biosciences (San Jose, CA). Anti-P53 monoclonal antibody was obtained from Imagenex (San Diego, CA). Anti-strep-tag antibody was obtained from IBA (Goettingen, Germany).
Molecular Cloning and Transfections. Full-length mouse PLK3 was cloned by PCR as described (11) into the IBA45 mammalian expression vector (IBA) by using the forward and reverse primers CCA A A ACAGCGA AT TCT TCCTAT TGGCT-GACAGGGC and CCAAAACAGCCTCGAGTTCCTATTG-GCT, respectively. The product was cut with EcoRI and XhoI and inserted into the EcoRI and XhoI sites in the IBA45 expression vector. The clone was fully sequenced before use. The clone was transfected into HeLa cells with GenePorter reagents, and into MCF10A cells with calcium phosphate.
Lentivirus-Based RNAi Plasmid Preparation and Virus Production.
Three lentivirus RNAi transfer plasmids (pLKO.1-Plk3) were constructed as described in ref. 40 . The human Plk3 sequences targeted were AAGAAAGACTGTGCACTACAA starting at position 1601, CTGTCCAGGTGAACTTCTA starting at position 1842, and AAATCGTAGTGCTTGTACTTA starting at position 1924 (GenBank accession no. NM004073). Human cyclin D1 was targeted with the sequence CAAACAGATCATC-CGCAAACA, which starts at position 730 (GenBank accession no. NM053056). Cdc25A was targeted with the sequence GCACCACGAGGACTTTAAAGA, which starts at position 1711 (GenBank accession no. NM201567). P53 was depleted with a vector that targets the P53 sequence from 1019-1039 (41) .
To generate lentivirus, 293T cells in 100-mm dishes were transfected with 12 g of pLKO.1-Plk3 (or control pLKO.1 vector), 12 g of pHRЈ-CMV-⌬R8.20 vpr and 6 g of pHRЈ-CMV-VSV-G by using calcium phosphate. Virus was harvested every 12 h from 24 to 72 h after transfection. Virus was passed through a. 45-m filter to remove contaminating cell debris, then concentrated at 16,700 rpm for 90 min in a SW27 rotor at 5°C. The viral pellet was resuspended in 500 l of TNE buffer (50 mM Tris⅐HCl, pH 7.8/130 mM NaCl/1 mM EDTA) per 100-mm dish. Infections were carried out in the presence of 10 g/ml polybrene/10 mM Hepes. Selection for infected cells was initiated 24 h after infection by addition of 2 g/ml puromycin.
Biochemical Techniques. Nucleoli were isolated by the method of Andersen et al. (14) . Briefly, HeLa cells were lysed in a dounce homogenizer in hypotonic buffer containing 10 mM Hepes, pH 7.9/10 mM KCl/1.5 mM MgCl 2 /0.5 mM DTT and complete protease inhibitors (catalog no. 1-873-580; Roche) supplemented with 10 g/ml PMSF. Intact nuclei were sedimented by centrifugation at 200 ϫ g for 5 min, and the soluble cytoplasmic extract was collected. The nuclear pellet was resuspended in a solution of 0.25 M sucrose, 10 mM MgCl 2 , and complete protease inhibitors with PMSF and then sedimented through a cushion of 0.35 M sucrose/0.5 mM MgCl 2 /protease inhibitors with PMSF at 1,500 ϫ g for 5 min. Sedimented nuclei were resuspended in 0.35 M sucrose/0.5 mM MgCl 2 /protease inhibitors with PMSF and lysed by sonication. The released nucleoli were sedimented through a cushion of 0.88 M sucrose/0.5 mM MgCl 2 /protease inhibitors with PMSF at 3,000 ϫ g for 10 min and resuspended in 0.35 M sucrose/0.5 mM MgCl 2 /protease inhibitors with PMSF. The cytoplasmic extract, the soluble nuclear extract, and the nucleolar suspension were boiled in SDS sample buffer and then analyzed by Western blot.
Preparation of Sequential Cell Extracts. HeLa cells were sedimented in a microcentrifuge tube, then lysed on ice with STE extraction buffer (150 mM NaCl/50 mM Tris, pH 7.2/1.5 mM EDTA/1% Tween 20/2.5 mM sodium vanadate/protease inhibitor mixture with PMSF). The extract was clarified in a microcentrifuge for 15 min at high speed. The pellet was resuspended in RIPA (150 mM NaCl/10 mM Tris, pH 7.2/1% sodium deoxycholate/1% Triton X-100/0.1% SDS/2.5 mM sodium vanadate/protease inhibitor mixture with PMSF). Plk3 in the pellet after RIPA extraction was solubilized in a buffer containing 20 mM Hepes, 25% glycerol, 400 mM NaCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 0.5 mM DTT, 2.5 mM sodium vanadate, and protease inhibitor mixture with 0.5 mM PMSF.
RT-PCR. RNA was extracted by use of an RNeasy kit from Qiagen (Valencia, CA). Message sequences were amplified by RT-PCR with a OneStep RT-PCR kit, also from Qiagen. Plk3 message was amplified with the primer pair TTGTGCTGGTGGGAT-TGTAGTGCACAG and GTGGCCACAGTAGTGGAGT-CAGCCC. Cyclin E1 message was amplified with the primer pair CCTTGGGACAATAATGCAGTCTGTGC and CCATCTG-TCACATACGCAAACTGGTGC. Cyclin D1, Erk2, and P53 messages were amplified with the primer pairs CACACTTGAT
